Objective: To identify the skeletal, dentoalveolar, and soft tissue changes that occur during Class II correction with the Cantilever Bite Jumper (CBJ).
INTRODUCTION Return to TOC
Since the time that the Herbst appliance was reintroduced by Pancherz, 1 many variations in the design [2] [3] [4] of this appliance have occurred over the years. According to a survey, the Herbst appliance with crowns is the functional appliance that is used most often in the United States. 5 One variation of the Herbst appliance is the Cantilever Bite Jumper (CBJ; Ormco Corporation, Orange, Calif), which was introduced by Mayes in 1994. 4 The CBJ offers many advantages 4, 6 over other Herbst designs. Mixed dentition transition into the permanent dentition is easier. Cantilevering the lower axle forward and gingivally allows for a longer rod and tube assembly. This helps to keep the rod from coming out of the tube. It is much easier to keep clean than a bonded acrylic appliance. However, only a few studies [7] [8] [9] have shown the treatment effects of the cantilever design, and these studies have some shortcomings. Croft et al 7 included 17 months of the retention period in study measurements. Burkhardt et al 8 treated only seven patients for whom the cantilever design was used, and VanLaecken et al 9 used an Edgewise Herbst with alignment of the teeth during treatment. These studies were not selected in a recent systematic review 10 about the effects of the crown or the banded Herbst appliance.
Therefore, the purpose of this study was to evaluate the skeletal, dentoalveolar, and soft tissue changes that occur during Class II malocclusion correction with the CBJ.
MATERIALS AND METHODS Return to TOC Sample
Thirty children participated in this prospective clinical study. Recruitment was conducted at the orthodontic clinic at Bauru Dental School, University of São Paulo, after 200 patients with Class II malocclusion were clinically evaluated (age range, 9 to 14 years). Criteria for inclusion included an improvement in facial profile after the lower jaw was slid forward, according to Mayes. 4 During CBJ treatment, one patient did not adapt to the appliance and discontinued treatment. Another moved from the city, and two others needed fixed appliances for upper incisor alignment and were excluded from the sample.
The final sample consisted of 26 (15 male and 11 female; mean initial age, 12.5 years; range, 9.5 to 14 years) Class II division 1 patients who were treated for 12 months with the CBJ. All appliances had four first molar crowns with a cantilever on the mandibular molars ( Figure 1 ) . A transpalatal arch was used on the maxillary molars, and a lingual arch wire that was resting on the cingulum of the mandibular incisors was attached to the mandibular molars. No occlusal rests were placed for the lingual arch wire. The construction bite was registered to an edge-toedge incisor position with a mean mandibular advancement of 7.2 mm (maximum, 10 mm; minimum, 4 mm) in one step. Seven patients were treated before the maximum pubertal growth spurt (stages MP3-E and MP3-F), 11, 12 eight patients were treated during the maximum pubertal growth spurt (stages MP3-FG and MP3-G), and eleven patients were treated after the maximum pubertal growth spurt (stages MP3-H and MP3-I). Eighteen patients required maxillary expansion with a Hyrax appliance (Dentaurum, Pforzheim, Germany) for a mean period of 4 months. This appliance was removed before CBJ placement.
The untreated Class II malocclusion control group consisted of 26 subjects (15 male and 11 female; mean initial age, 9.8 years; range, 9 to 11 years) from the longitudinal records of the same department. Unfortunately, an older control group was not found. Hand radiographs were not available for this group. Lateral cephalograms for each subject were measured at two different stages: T1 = pretreatment; T2 = at least 1 week after removal of CBJ, or end of control period. The mean observation period was 21 months for the treated group and 20 months for the control group. This extended period was due to a delay of 5 months in the start of treatment.
Cephalometric Analysis
Pretreatment and posttreatment lateral cephalograms were subjected to conventional cephalometric analysis with 35 variables (Figures 2 through 5 ). The main goal of this analysis was to characterize the skeletal, dental, and soft tissue changes that had occurred during treatment. In addition, detailed regional superimposition (Johnston analysis) 13 was applied to quantify the source of anteroposterior correction of the molar relationship and overjet.
Lateral cephalometric tracings were performed on acetate paper by a single investigator and then were digitized (DT-11 Digitizer; Houston Instruments, Austin, Tex). These data were stored on a Pentium IBM computer and were analyzed with Dentofacial Planner, version 7.02 (Dentofacial Planner Software Inc, Toronto, Ontario, Canada), which corrected the image magnification factor. This software was also used to generate averaged tracings ( Figure 6 ).
Johnston analysis cephalometric tracings were made by hand. No digitization was used. All linear measurements were executed to the nearest 0.1 mm.
Statistical Analysis
Means and standard deviations were calculated for all cephalometric variables. To compare groups at the pretreatment stage, t-tests were used. Results were considered significant for P < .05.
Because the present study examined individuals of both sexes with a wide range of starting ages, coefficients of the expected growth unit (EGU) 14, 15 derived from the integration of sex-specific incremental growth curves 16 served as covariates for adjustment of the comparison of samples. These particular curves were developed by Rocky Mountain Data Systems to generate age-, sex-, and interval-specific growth increments. For each year of development, the areas under the appropriate curve were divided by the area of the minimum prepubertal year (malefemale average), taken to represent the intensity of a standard year of growth. This standard year is denominated as an EGU. 14, 15 This coefficient is proportional to the expected intensity of growth-and the attendant change in form-that an untreated subject of the same age and sex would be expected to experience during the specified interval. These coefficients, when summed over the treatment interval, represent the starting age, sex, and treatment time and thus would be more highly correlated with several measures of physical growth than with treatment time.
To compare treatment changes with normal growth and Johnston analysis variables, analysis of covariance (ANCOVA), in which EGU served as the covariate, was used to assess differences between treated and control groups. ANCOVA tests for differences between means have been adjusted to equalize the effects of expected growth.
Error Study
With the aid of a table of random numbers, ten two-film series were selected and reanalyzed. Dahlberg's formula was used to calculate the error standard deviations, 17 and paired t-tests were performed to compare the first and second measurements. Various linear descriptive measurements generally had error standard deviations that were less than 1 mm; for the angular measurements, these deviations were less than 2 degrees. Paired t-tests revealed no significant differences.
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The CBJ group presented greater maxillary and mandibular lengths and a significantly greater Class II basal anteroposterior discrepancy than did controls at treatment onset (Wits), as well as greater anterior (N-Me) and posterior (S-Go) facial heights ( Table 1 ). The occlusal plane-to-SN angle was greater in the control group. The maxillary and mandibular dentition was more anteriorly positioned for the CBJ group. The Herbst group showed greater upper and lower lip protrusion and facial convexity.
A significantly greater mandibular length increase was noted, along with mandibular anterior projection, improvement in the apical base relationship, and clockwise rotation of the occlusal plane, in the treatment group in relation to the control group (Co-Gn, Ar-Gn, SNB, ANB, Wits, and SN-Occlusal plane; Table 2 ).
Treatment effects on the maxillary incisors produced significant palatal tipping, retrusion, forward displacement restriction, and greater vertical development as compared with the control group ( Table 2 ). The maxillary molars had a significant anterior displacement restriction and a smaller vertical displacement when compared with the control group.
The mandibular incisors in the experimental group showed significant labial tipping, protrusion, and vertical development restriction, and the mandibular molars had greater mesial displacement, as compared with the control group.
The CBJ group exhibited statistically greater upper lip retrusion and reduction of facial convexity in relation to controls.
Class II Correction
Descriptive statistics (means and standard deviations) for the Johnston analysis variables are shown in Table 3 , together with F-ratios from ANCOVA. Linear changes measured along the mean functional occlusal plane during treatment are depicted diagrammatically in the pitchforks (Figure 7 ).
An improvement in the sagittal occlusal relationship was observed after CBJ therapy. The 5.7 mm molar correction was accomplished with a 2.9 mm apical base change, 1.5 mm distal movement of the maxillary molars, and 1.1 mm mesial movements of the mandibular molars.
Maxillary molar inclination was greater in the CBJ group, and this difference (2.1 mm) was statistically significant (P < .001). Mandibular molar inclination was greater in the CBJ group, and this difference (1.1 mm) was statistically significant (P < .001).
Overjet correction also was largely a result of apical base changes combined with 0.9 mm distal movement of the maxillary incisors and 1.3 mm mesial movement of the mandibular incisors.
DISCUSSION Return to TOC
The average initial age was 12.5 years for the CBJ group and 9.8 years for the control group, and, most likely, both groups exhibited different skeletal maturity at the start of treatment. However, EGU was used to "fine-tune" the groups. Alternatively, we could have used annualized change (change per year) or even change per month to compare treatments. However, this approach would not have been as good as ANCOVA with EGU as the covariate, because it would not have adjusted for age differences in growth intensity. 15 A delay in the beginning of treatment caused an extension of the total treatment interval, and one must consider this when reviewing the results.
The CBJ did not restrain maxillary growth. Valant and Sinclair, 18 in a Herbst study with stainless steel crowns on the maxillary first molars and a removable mandibular acrylic splint, found a small decrease in SNA. Hägg et al, 19 after cast splint treatment, found that in the nonheadgear group, the maxilla moved forward 1.1 mm.
After CBJ treatment, mandibular length (Co-Gn) increased 1.2 mm significantly more than the controls (Table 2 ) . Our results corroborated those of Hägg et al, 11 who stated that irrespective of the growth period, the difference in mandibular length increases when comparison of Herbst with control subjects amounts to an average of 1.3 mm.
Significant treatment-related changes in vertical measures were noted only for the SN-occlusal plane. Average records of superimposition ( Figure 6 ) show that a possible explanation for this change would be greater upper and lower molar inclination and upper molar intrusion after CBJ treatment. Results of the Johnston analysis corroborated these findings and showed a greater inclination for maxillary (distal; 2.1 mm) and mandibular (mesial; 1.1 mm) molars (Table 3 ). An increase in posterior facial height due to vertical growth of the mandibular ramus was not seen in this study, although it had been seen with acrylic splints. 3 In contrast with other Herbst studies, 3 which have not shown a significant amount of maxillary incisor retraction, the maxillary incisor moved 1.0 mm distally in the CBJ group and 1.3 mm forward in the control group (Table 2 ) . A possible explanation for this effect could be the better lip seal after CBJ placement.
The maxillary molars were distalized 1.4 mm in the CBJ group (Table 2 ). Pancherz and Anehus-Pancherz, 20 in a study in which banded design was used with partial and total anchorage, measured maxillary molar distalization at 2.1 mm. Windmiller 21 reported a measurement of only 0.68 mm.
Differences in the design of the appliances could explain these results.
The CBJ appliance restricted the vertical development of the maxillary molars. Pancherz and Anehus-Pancherz 20 reported 0.7 mm of maxillary molar intrusion. Lai and McNamara 3 found 1.2 mm of intrusion of the maxillary first molars. When the CBJ was compared with other designs, it was seen that it provided good control of vertical maxillary molar position.
Significant anterior movement of the mandibular incisors was noted in the CBJ group (L1-PogPerp = 1.46 mm; IMPA = 6.6 degrees). It was also observed that the lingual arch without occlusal rests was not able to withstand the inclination forces placed on the mandibular molars by the cantilevers. In many cases, the lingual arch slipped down on the cingulum of the mandibular incisors and landed on the gingiva behind them. In these cases, the lingual arch created sores in the gingiva and contributed to procline the mandibular incisors (Figure 8 ) . However, the CBJ did not cause the mandibular incisors to protrude as much as they did with other designs 9, 19, 22 of the Herbst appliance.
CBJ treatment moved the mandibular first molars farther forward (1.3 mm) than did use of only premolar anchorage (1.0 mm) 22 ; less forward movement was seen with cast splint anchorage (2.5 mm), 22 the acrylic splint (1.7 mm), 21 and the Cantilever Herbst without lingual arch (3.8 mm). 9 In the CBJ group, the mandibular molars showed almost the same amount of vertical development in the treated and control groups. Compared with other designs, 3 the CBJ exhibited good control of the vertical mandibular molar position.
Profile measurements showed that CBJ treatment had a good impact on facial profile. This study corroborates the findings of Pancherz and Anehus-Pancherz, 23 who reported a reduction in facial soft tissue profile convexity. Furthermore, the upper lip became retrusive, and the lower lip remained, on average, unchanged in relation to the E line. 23 Average Class II molar correction of 5.7 mm and overjet correction of 5.3 mm were achieved during CBJ therapy (Table 3 and Figure 7 ). Similar molar and overjet corrections have been reported for other Herbst samples. Pancherz and Hansen 24 reported, on average, a molar correction of 6.3 mm and an overjet correction of 6.9 mm. Valant and Sinclair 18 described a 7.1 mm molar correction; Lai and McNamara 3 achieved an average molar correction of 5.7 mm and an overjet correction of 4.5 mm.
When the contributions of dental and skeletal changes were compared with the 5.7 mm of molar correction seen in the CBJ group, it was noted that dental changes contributed to 48.2%, and skeletal changes contributed to 50.8%, of the molar correction. Valant and Sinclair 18 found that apical base change accounted for 56.5% of the molar correction in their study, whereas Lai and McNamara 3 found that growth accounted for 55% of the molar correction. These findings were larger than the Pancherz and Hansen 24 determination of 35% for banded Herbst treatment. The average treatment duration was 6 months as reported by Pancherz and Hansen, 24 10 months in the study of Valant and Sinclair, 18 and 12 months in the trial of Lai and McNamara 3 and in the present study. These differences in treatment time and anchorage design may account for the observation that skeletal changes contributed less to the Class II correction in the banded Herbst study.
In the CBJ group, dental movement accounted for 45.3% of the overjet correction. We can conclude that apical base change was responsible for 54.7% of the overjet correction in the CBJ group.
Clinical Implications
When compared with the acrylic splint Herbst design, the CJB exhibited good control of the vertical dimension without the disadvantage of the bulky removable acrylic splint.
The CBJ should not be recommended for very young children. The rods and tubes are very bulky. This size gives strength and makes the appliance almost indestructible, but it is difficult to get used to it. With this appliance, it is important to use a mandibular lingual arch with occlusal rests on premolars or on deciduous molars to prevent cantilever inclination and mandibular incisor proclination. The use of occlusal rests without a lingual arch does not prevent mandibular anchorage loss.
Standard bands to be used with the Herbst appliance should be reinforced with solder, extra band material, or an occlusal support wire soldered around it for stability. Even with these modifications, banded Herbst appliances have a greater breakage rate. Some manufacturers have developed heavier band materials, but these are not as resistant as stainless steel crowns. However, crowns are much more difficult to remove from the teeth. The main clinical advantage of the CBJ is the fact that it comes with preattached axles, and its use can reduce laboratory time.
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• Class II correction achieved by the Cantilever Bite Jumper (CBJ) appliance was accomplished by 2.9 mm apical base change, 1.5 mm distal movement of the maxillary molars, and 1.1 mm mesial movement of the mandibular molars.
• Overjet correction was a result of apical base changes combined with distal movement of the maxillary incisors and mesial movement of the mandibular incisors.
• CBJ provided good control of vertical dimension.
• The main side effect of the CBJ is that the vertical force vector of the telescopes acting as lever arms can produce mesial tipping of the mandibular molars.
